Abstract-In this paper, we focus on the precoding design for sum rate maximization while considering the effects of residual SI for point -to-point multiple input/multiple output (MIMO) Full-Duplex systems. The MMSE-based beamforming algorithm was proposed to cancel the SI. The results shown that, the self-interference cancellation is done by matrix precoding at the transmitter if the total number of transmitting antenna of two nodes is greater than the number of receiving antenna of one node. The Bit Error Rate (BER) was also evaluated in the simulation.
forcing coding is one of the underlying techniques for solving this problem [7] . Block-diagonal is a pre-coding technique that forces the matrix's diagonal interference signals to zero to eliminate these components.
Authors in [8] - [11] considered the pre-coding technique for full-duplex transmission using a transistor focused on selfinterference signaling. Unlike these above works, this article focuses on point-to-point full-duplex communication, designs pre/post coding matrices to maximize system capacity.
The remaining parts of this paper are organized as follows. Section II delineates the system model of full-duplex MIMO-OFDM. The proposed beamforming matrixes design is developed in Section III. Analytical and empirical results with relevant discussions are located in Section IV. Finally, Section V provides some concluding remarks of this research work.
Notations: ∈ ℂ × denote the complex matrix with r rows and c columns, is the transpose and conjugate transpose (Hermitian operator) of the matrix X. || || is the determinant of the matrix X. (. ) stands for the expectation operator. rank(X) and trace(X) denote the rank and trace operator of the matrix X, respectively. Iy is the identity matrix having y rows. And blkdiag(X,Y) is block diagonal operation from the matrixes X and Y.
II. SYSTEM MODEL
In this paper, we consider a MIMO-OFDM full-duplex system as illustrated in Fig. 1 , each node equips nT transmit antennas and nR receive antennas.
The received signal at node 1 and node 2 can be expressed by at node 1 and node 2, respectively.
In (1) and (2), the first component on the right side is the self-interfering signal, the second component on the right side is the desired signal. Pre/post-coding techniques are applied to eliminate this first component in full-duplex communication system.
The desired signal can be restored by multiplying the post coding matrix by the following: 
III. MMSE BEAMFORMING DESIGNS
Precoding matrices must be designed to eliminate the selfinterference signal but still ensure the limited transmit power at each node ( trace ( ) ≤ , = 1,2, where P is the transmit power constrain).
From (3) and (4), desired signal MSE at node i can be represented as
The desired signal MSE minimization under the per-node power constraint can be formulated as
subject to: trace ( ) ≤ .
To solve (7), we construct the Lagrangian function as
The Karush-Kuhn-Tucker (KKT) conditions [12] for (8) 
Finally, the optimal pre/postcoding matrix are computed as
where satisfying the individual power constraint in (11) (with is given) can be found by bisection root method.
The overall proposed MSE minimization scheme is summarized below: (11) . -Update according to (13) . end
IV. SIMULATION RESULTS
In this section, computer simulations are conducted to provide numerical results for illustrating the performance of proposed beamforming algorithms. In the figures of numerical results, each plotted point of the system performance is obtained by averaging over 1000 independent channel realizations.
In the simulated system, signal power is normalized and the system SNR is defined as Tables 1-7 are matrices in the point-to-point full-duplex communication system with the antenna configuration ( = 2, = 4). In this tables, the channel matrices are randomly generated in loops. From these matrices, we find the beamforming matrices in formulas (12) and (13), then check whether constraints (7) . Tables 1, 2 and 3 represent the matrices at node 1, including self-interference channel matrix H1, the precoding matrix V1 and the post coding matrix T1. Tables 4 and 5 represent the matrices at node 2, including the desired signal channel matrix G2 and the precoding matrix V2. In Table 6 , we introduce the self-interference beamforming matrices in node 1 ( 1 1 1 ) . We can see that the selfinterfering signal is almost eliminated. In addition, in Table 7 , we introduce the desired signal beamforming matrices in node 1 ( 1 2 2 ). The result show that 1 2 2~, so the desired signal completely restored. 4 shows bit error rate (BER) versus SNR in the with modulation types BPSK, QPSK, 16-QAM and 64-QAM, respectively. In this configuration, each node equipped = 4 receive antennas and = 8 transmit antennas. We can see that, BPSK gives the best results and 64-QAM gives the worst result. As many constellations are more susceptible to interference and interference. Fig. 2, 3 and 4 show that the proposed algorithm fullduplex beamforming provides good performance because the self-interference almost eliminated completely.
V. CONCLUSION
This paper considered the problem of MIMO full-duplex bidirectional communication between a pair of MIMO modems in the presence of noise and self-interference. We proposed a beamforming scheme base on minimizing total mean square errors under the individual transmit power constraints. From the results obtained, it was found that the proposed algorithm full-duplex beamforming provides good performance because the self-interference almost eliminated completely. 
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